a b s t r a c t Data on particle removal from surfaces is yet to be presented properly. This data is explored and the mathematical models are presented in the previous paper "New model for particle removal from surface in presence of deformed liquid bridge" [1], which predict the fluid velocity required to initiate the motion of a particle. However, the models still need to be verified by the experiment. The experimental data in this paper measured the critical fluid flow velocity when the particles were about to removal from the surface. The particle removal including the process without the effect of liquid bridge and the process with the existence of liquid bridge. Different diameter of the silica particles were used to measured the critical fluid flow velocity without the liquid bridge. In addition, with the existing of the liquid bridge, the same diameter of the silica particles and the ice particles were used to researched the critical state. The data has implications in furthering the understanding of the underlying mechanisms during the removal of particles from surfaces exposed to fluid flow.
Data description
This section performs the experiment data in particle removal process, including the particle removal without liquid bridge and the particle removal in presence of deformed liquid bridge. The model for predicting the particle removal process has been studied in the earlier paper [1] . In this paper, the parameters which are associated with the data should be listed and some basic parameter (including fluid density, particle density, interfacial tension, fluid dynamic viscosity, fluid kinematic viscosity, liquid bridge shape parameter and friction coefficient) values need to be ensured in the experiments. Table 1 shows the nomenclatures with units and the exact values in the experiments.
The experiment data in Fig. 1 shows the different critical flow velocity with different silica particle diameters without the liquid bridge [2e4]. In the experiment, the data of critical velocity were measured by the gas flow meter when the different diameters of particles (range: 0.82mme4.04mm) were about to blow away from the surface. The experiment added a slice in front of the particle and the height of the slice was 0.16mm. This operation provided a specific resisting moment. The slice is equivalent to a resistance moment [3] . Table 2 and Table 3 show the experiment data about the silica particles and ice particles removal from the surface in presence of deformed liquid bridge at the critical condition [5, 6] . The silica particle experiments measured the critical fluid bulk velocity, particle radii, the embracing angles and contact angles of the liquid bridge. The ice particle experiments measured the critical fluid bulk velocity, particle radii, liquid bridge length, the front angle and rear angle of the deformed liquid bridge [7, 8] .
Specifications Table   Subject Physics and Astronomy; Surfaces and Interfaces Specific subject area Particle removal and adhesion Type of data Table  Figure How data were acquired
The experiment data were acquired by the particle removal parameters measurement device. The gas flow velocity values were measured by the gas flow meter (Sierra, USA, measurement range: 0e700 m 3 /h, measurement accuracy: ±0.1%). The contact angles were measured by the CCD camera. Data format Raw Analyzed Parameters for data collection For collection data: Critical fluid bulk velocity, Particle radius, Liquid bridge length, Embracing angle, Contact angle, Front angle, Rear angle and Liquid bridge volume.
Description of data collection
For the experiments in presence of liquid bridge, a small amount volume of liquid was dropped on the surface. And the particle was placed embraced by the liquid droplet. The critical flow velocity was measured when the particle was about to removal from surface with the fluid flow velocity increasing gradually. The critical state of the particle was photographed by the CCD camera.
Data source location
Institution: 
Value of the Data
The data could verify the model for particles removal from the surface, even the particles in presence of the deformed liquid bridge. The data could help explaining the different forms of the detachment between particles, liquid bridge and surface. It would further improve the mathematical model. The data may be useful for other groups working or studying on the particle removal process. And making the researched further used in microelectronics, pneumatic conveying, aviation and flow assurance fields.
Experimental design, materials, and methods
This section introduces the experimental design and methods in the earlier paper [1] . The model for particle removal was presented and the model also need to be verified by the experiment. The experiment device is shown in Fig. 2 . The nitrogen gas cylinder is connected with a reducing valve. The gas flow meter (Sierra, USA, measurement range: 0e700 m 3 /h, measurement accuracy: ±0.1%) is installed after the valve. A visual tube, which is made of acrylic material, is connected after the gas flow meter. The length of the tube is 3 m and the diameter of the rectangular tube is d ¼ 30mm. The distance between the particles placed position and the inlet is l ¼ 2.5 m which keeps the fluid in this parts stable (l/d > 50~60). The experiment measured the fluid bulk velocity in the visual square tube by gas flowmeter and collected the pictures by the CCD cameras. The experiment device is settled in a thermostatic chamber which can control the environment temperature.
The gas fluid in the experiment was nitrogen with the purity of 99.999%. The particles in the experiment were silica particles and ice particles. The silica particles (AS-ONE company in Japan) were standard spherical. The experiment used four diameter range of the silica particles including 0.82~1.54mm, 2.03~2.46mm, 2.82~3.39mm and 3.90~4.04mm. The ice particles were made by the liquid droplets and the liquid nitrogen. The liquid droplets were dropped into the liquid nitrogen with a injector. The liquid droplets would form ice particles rapidly due to the low temperature. Then, the ice particles should be taken out of the liquid nitrogen as soon as possible to avoid the split. The radii of the ice particles were listed in Table 3 . For measuring the critical fluid bulk velocity in particle removal process, the particles (silica or ice) should be placed on the observation position of the surface. For the experiment with the liquid bridge, different volume of the liquid should be dropped on the surface by the injector before placing the particles. Then, adjusted the reducing valve to make the fluid flow velocity increased gradually. At the Table 2 The silica particle contact angles and embracing angles at critical condition. same time, the state of the particles could be observed by the CCD camera. When the particles removal from the surface, the critical flow velocity were recorded. The pictures of the particles in critical state were analyzed to obtain the contact angles.
